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(57) ABSTRACT

A formation method of metal wiring of a semiconductor
device 1s disclosed. According to one example, an example
method may include forming a metal wire on a pre metal
dielectric (“PMD”’) on a semiconductor substrate; patterning
and sintering the metal wire; forming an msulating layer on
the metal wire and the PMD); and forming a via hole in the
insulating layer. The example method may further include
forming a barrier metal layer made of multiple metal layers
on mner wall of the via hole and upper surface of the
insulating layer using physical vapor deposition and chemi-
cal vapor deposition; filling up inside the via hole by
forming a metallic material on the metal layer; and forming
a metallic maternial via by chemical mechanical polishing of
the metallic material and the barrier metal layer until the
insulating layer 1s exposed.

12 Claims, 4 Drawing Sheets
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METHODS OF FORMING METAL WIRING
OF SEMICONDUCTOR DEVICES
INCLUDING SINTERING THE WIRING
LAYERS AND FORMING A VIA HOLE WITH
A BARRIER METAL

TECHNICAL FIELD

The present disclosure relates to semiconductor devices
and, more particularly, to methods of forming metal wiring
ol semiconductor devices.

BACKGROUND

In general, semiconductor devices include wires (metal
such as tungsten, aluminum, copper, titanium, titanium
nitride wire, etc.) and contacts or vias connecting the wires.

Presently, wires are formed in multiple layers and design
rules decrease, which enables highly integrated circuit. Now,
a conventional formation method of metal wiring of a
semiconductor device 1s described 1n detail with reference to
the accompanying drawings. FIGS. 1la—1f are sectional
views showing a formation method of metal wiring.

First, as shown 1n FIG. 1a, a lower titanium layer 2, an
aluminum layer 3, an upper titanium layer 4, and a titanium
nitride layer S are sequentially deposited on a semiconductor
substrate 1 to form a metal multi-layered structure M of
lower titanium/aluminum/upper titantum/titanium nitride.
Alternatively, a lower titanium layer 2, a lower titanium
nitride layer (not shown), an aluminum layer 3, an upper
titanium layer 4, and an upper titanium nitride layer 5 are
sequentially deposited to form a metal multi-layered struc-
ture M of lower titantum/lower titanium nitride/aluminum/
upper titammum/upper titanium nitride. As a further alterna-
tive, a lower titanium layer 2, an aluminum layer 3, and an
upper titanium layer 4 are sequentially deposited to form a
metal multi-layered structure M of lower titanium/alumi-
num/upper titanium.

The metal multi-layered structure M applies to all multi-
layered metal layers except the uppermost metal layer. It the
metal multi-layered structure M applies to the undermost
metal layer, state of a substrate 1s that contact holes filled up
with tungsten plugs are formed 1n a pre metal dielectric
(“PMD”). If the metal multi-layered structure M applies to
the metal layer after the undermost metal layer except the
uppermost metal layer, state of a substrate 1s that via holes
filled up with tungsten plugs are formed 1n a inter metal
dielectric (“IMD”) on a multi-layered metal layer that is
patterned and sintered according to the design.

Next, as shown 1 FIG. 15, the multi-layered structure 1s
patterned and sintered to form metal wiring according to the
design.

Subsequently, as shown i FIG. 1c¢, a lower layer 7 1s
tormed using high density plasma (“HDP”) or spin on glass
(“SOG”) methods to fill the gap. An interlayer insulating
layer 8 1s formed to an extent that surface configuration of
the lower layer 7 1s not shown and the interlayer insulating
layer 8 1s planarized using chemical mechanical polishing
(“CMP”).

Subsequently, as shown 1in FI1G. 14, via holes 9 are formed
in the interlayer insulating layer 8. During the etching
process for forming via holes, the titanium nitride layer 5
and the upper titamium layer 4 are over-etched and the
etching process 1s stopped at the aluminum layer 3 1n the
metal multi-layered structure M to reduce via hole resistance
and decrease variation of via hole resistances 1n a wafer.
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Then, as shown 1n FIG. 1e, a barrier metal layer having a
multi-layered structure of titanium 10/titanium nitride 11 1s
formed 1n-situ on the interlayer imnsulating layer 8 including
the via holes 9.

The titanium layer 10 of the barrier metal layer 1s formed
to have a thickness between about 100300 A using sput-
tering method designed to be well-formed to narrow and
deep via holes. The titanium mitride layer 11 1s formed to
have a thickness between approximately 80-150 A using
chemical vapor deposition (“CVD”) to improve the bottom
step coverage of the barrier metal layer because the via holes
become narrower and deeper due to high integration of
semiconductor device.

Next, as shown 1n FIG. 1/, a tungsten layer 12 1s formed
to fill the via holes 9 fully or substantially fully. The tungsten
layer 12 1s planarized by CMP until the interlayer insulating
layer 8 1s exposed. Now, tungsten plugs 12 inside the via
holes 9 are completed.

Alternatively, the tungsten layer 12 can be planarized by
ctching back the tungsten layer 12 until the barrier metal
layer 11 on the interlayer insulating layer 8 1s exposed.

Formation of via holes of a semiconductor device 1is
completed using the above method, and the above process
can be repeated as many as the number of the metal layers
needed 1 a semiconductor device.

However, over shooting, which 1s generated when heat 1s
applied during the CVD deposition of the titamium nitride
layer, which 1s a part of a barrier metal layer, causes the
aluminum layer to become loose.

Electrical connection of the semiconductor device 1s
incomplete 1f the aluminum layer gets loose, which causes
a defect 1n the semiconductor device.

Prior approaches to forming wiring using titanium include
the following U.S. patents.

U.S. Pat. No. 6,436,823 discloses a wire formation tech-

nique using two-step annealing of titantum deposited on a
silicon layer. U.S. Pat. No. 6,395,381 discloses a CVD

having heat resistance, heat barrier, and heat shock. U.S. Pat.
No. 5,136,362 discloses a formation method of a contact
using titanium and titanium mtride. U.S. Pat. No. 6,313,027
discloses a method of preventing conductive material of
aluminum from diffusing at a contact area during fabrication
process, and so forth.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a-1f are sectional views 1illustrating a formation
method of metal wiring; and

FIG. 2 1s a graph showing temperature decrease eflect of
an embodiment according to the present invention.

DETAILED DESCRIPTION

As shown in FIG. 1la, a lower titamium layer 2, an
aluminum layer 3, an upper titanium layer 4, and a titanium
nitride layer S are sequentially deposited on a semiconductor
substrate 1 to form a metal multi-layered structure M of
lower titanium/aluminum/upper titantum/titanium nitride.
Alternatively, a lower titammum layer 2, a lower titanium
nitride layer (not shown), an aluminum layer 3, an upper
titanium layer 4, and an upper titanium nitride layer 5 are
sequentially deposited to form a metal multi-layered struc-
ture M of lower titantum/lower titanium nitride/aluminum/
upper titanium/upper titanium nitride. Alternatively, a lower
titanium layer 2, an aluminum layer 3, and an upper titantum
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layer 4 are sequentially deposited to form a metal multi-
layered structure M of lower titanium/aluminum/upper tita-
nium.

The metal multi-layered structure M applies to all multi-
layered metal layers except the uppermost metal layer. It the
metal multi-layered structure M applies to the undermost
metal layer, state of a substrate 1s that contact holes filled up
with tungsten plugs are formed 1n a pre metal dielectric
(“PMD”). If the metal multi-layered structure M applies to
the metal layer after the undermost metal layer except the
uppermost metal layer, state of a substrate 1s that via holes
filled up with tungsten plugs are formed 1n a inter metal
dielectric (“IMD”) on a multi-layered metal layer which 1s
patterned and sintered according to the design. It 1s prefer-

able that the PMD 1s made of BPSG, BSG, or PSG.

Next, as shown 1n FIG. 15, the multi-layered structure 1s
patterned and sintered according to the design to form metal
wiring.

The multi-layered structure is sintered at the temperature
of 400-450° C. for 20-50 minutes in an electric furnace 1s
performed for reaction of the aluminum and the upper
titanium aiter the metal wire etching.

Subsequently, as shown i FIG. 1¢, a lower layer 7 1s
tormed to fill up the gap using high density plasma (“HDP”’)
or spin on glass (“SOG”) method, an nterlayer msulating
layer 8 1s formed to an extent that surface configuration of
the lower layer 7 1s not shown, and the interlayer insulating,
layer 8 1s planarized using chemical mechanical polishing
(“CMP”).

Subsequently, as shown 1in FI1G. 14, via holes 9 are formed
in the interlayer insulating layer 8. During the etching
process for forming via holes, the titanium nitride layer 5
and the upper titamium layer 4 are over-etched and the
etching process 1s stopped at the aluminum layer 3 1n the
metal multi-layered structure M to reduce via hole resistance
and decrease variation of via hole resistances 1n a wafer.

Then, as shown 1n FIG. 1e, a barrier metal layer having a
multi-layered structure of titanium 10/titanium mitride 11 1s
formed 1n-situ on the interlayer mnsulating layer 8 including
the via holes 9.

The titanium layer 10 of the barrier metal layer 1s formed
using physical vapor deposition (“PVD”) designed to be
well-formed to narrow and deep via holes. The titanium
nitride layer 11 1s formed using chemical vapor deposition
(“CVD?”) to improve the bottom step coverage of the barrier
metal layer because the via holes become narrower and
deeper due to high integration of semiconductor device.

A CVD chamber for forming the titantum nitride layer 11
1s pre-heated during 35-50 seconds under pressure of

1.5-3.5 Torr, which 1s adjusted and fixed by controlling gate
valve while N2 200-400 sccm and He 400-600 sccm are

flowed 1n the chamber.

It 1s preferable that temperature of the heater equipped in
the CVD chamber 1s 380-480° C. during the process.

Plasma treatment can be performed once or twice after
CVD deposition of titanium nitride.

Next, as shown 1n FIG. 1f, a metallic material 1s filled up
in the via holes 9 fully, and the metallic material 1s any one
selected from tungsten, aluminum, aluminum copper alloy
having 0.5% of copper, and copper.

According to one example, tungsten 1s used as an embodi-
ment. In one arrangement, tungsten 1s filled up using CVD.

After forming the tungsten layer 12, the tungsten layer 12
1s planarized by CMP until the interlayer insulating layer 8
1s exposed. At this point, tungsten plugs 12 inside the via
holes 9 are completed.
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Alternatively, the tungsten layer 12 can be planarized by
ctching back the tungsten layer 12 until the barrier metal
layer 11 on the interlayer insulating layer 8 1s exposed.

After completion of tungsten plugs, the above processes
can be repeated on upper surfaces of the tungsten plugs and
the interlayer msulating layer as many as the number of the
metal layers needed in a semiconductor device to form
multi-layered metal wiring.

FIG. 2 1s a graph showing temperature of heat treatment
during CVD deposition of titanium nitride. In FIG. 2, the X
axis indicates time and the unit of a scale 1s 5 seconds. The
Y axis indicates temperature.

During heat treatment, N, and He gases are flowed to
serve as heat transier gas by convection. Additionally, the
pressure 1s maintained to be 2 Torr by adjusting valve at
fixed tlows of N, 300 sccm and He 500 scem.

As shown 1n the graph of FIG. 2, maximum 50 or over of
over shooting decrease 1s obtained, which prevent aluminum
from getting loose. As described above, over shooting due to
heat during CVD deposition of titantum mitride can be
decreased by about 30 to prevent aluminum from getting
loose according to the present invention. Therefore, reliabil-
ity and yield of semiconductor device 1s improved.

Although certain methods are described herein, the scope
of coverage of this patent 1s not limited thereto. On the
contrary, this patent covers every apparatus, method and
article ol manufacture fairly falling within the scope of the
appended claims either literally or under the doctrine of
equivalents.

What 1s claimed 1s:
1. A formation method of metal wiring of a semiconductor
device comprising:
forming a metal wire on a pre metal dielectric (“PMD”)
on a semiconductor substrate:
patterning and sintering the metal wire;

forming an insulating layer on the metal wire and the
PMD;

forming a via hole 1n the insulating layer;

forming a barrier metal layer made of multiple metal
layers on mner wall of the via hole and upper surface
of the msulating layer using physical vapor deposition
and chemical vapor deposition;

filling up 1inside the via hole by forming a metallic
material on the metal layer; and

forming a metallic material via by chemical mechanical
polishing of the metallic material and the barrier metal
layer until the sectional surface of the barrier metal and
the surface of the 1nsulating layer are exposed wherein
the metal layer comprising aluminum and an upper
titanium layer, and wherein the sintering 1s performed
at the temperature of 400—4350° C. for 20-50 minutes 1n
an electric furnace 1s performed for reaction of the
aluminum and the upper titanium after the metal wire
patterning.

2. A formation method of metal wiring of a semiconductor

device as defined by claim 1, wherein the PMD 1s BPSG,
BSG, or PSG.

3. A formation method of metal wiring of a semiconductor
device as defined by claim 1, wherein the metal wire has a
lower titaniumy/aluminum/upper titantum/titanium nitride
structure or a lower titantum/lower titanium nitride/alumai-
num/upper titantum/upper titantum nitride structure.

4. A formation method of metal wiring of a semiconductor
device as defined by claim 1, whereimn a lower layer is
formed to fill up the gap of the metal wire by high density
plasma or SOG, an interlayer msulating layer 1s formed on
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the lower layer, and the nterlayer insulating layer 1s pla-
narized by chemical mechanical polishing, as the imnsulating
layer.

5. A formation method of metal wiring of a semiconductor
device as defined by claim 3, wherein the upper titanium
nitride 1s over-etched to expose the layer directly under the
upper titanium mitride layer when the via holes are formed
in the iterlayer msulating layer.

6. A formation method of metal wiring of a semiconductor
device as defined by claim 1, wherein titanium and titanium
nitride are formed sequentially as the barrier metal layer.

7. A formation method of metal wiring of a semiconductor
device as defined by claim 6, wherein the titanium of the
barrier metal layer 1s formed by physical vapor deposition
designed to be well-formed to narrow and deep holes and the
titanium nitride of the barrier metal layer 1s formed by
chemical vapor deposition (“CVD™).

8. A formation method of metal wiring of a semiconductor
device as defined by claim 7, wherein pre-heating 1s per-

formed for 35—50 seconds under the state that N2 200—400
sccm and He 400-600 scecm are flowed into CVD titanium
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nitride chamber and pressure of the chamber 1s maintained
to be 1.5-3.5 Torr by adjusting gate valve before forming the
titanium nitride.

9. A formation method of metal wiring of a semiconductor
device as defined by claim 8, wherein temperature of a
heater equipped in the CVD ftitanium nitride chamber 1s
380—480° C.

10. A formation method of metal wiring of a semicon-
ductor device as defined by claim 8, wherein plasma treat-
ment 1s performed once or twice after deposition of the CVD
titanium nitride layer.

11. A formation method of metal wiring of a semicon-
ductor device as defined by claim 1, wherein the metallic
maternal for filling up the via holes 1s any one selected from
a group ol tungsten, aluminum, aluminum alloy having
0.5% of copper, and copper.

12. A formation method of metal wiring of a semicon-

ductor device as defined by claim 11, wherein the tungsten
layer 1s formed by CVD.
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